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Reflectance Spectrophotometer: The Dermatologists’
Sphygmomanometer for Skin Phototyping?
Lynn K. Pershing1, Vidyanath P. Tirumala1, Joel L. Nelson1, Judy L. Corlett1, Anne G. Lin1,
Laurence J. Meyer1,2 and Sancy A. Leachman1,3
To date, human skin phototype (SPT) has been determined subjectively by self- or trained investigator
assessment using sun burning and/or sun tanning responses, ethnicity, hair, and eye color. This study evaluated
objective reflectance spectrophotometer (RS) assessment of SPT in 353 males or females (18–72 years old with
Fitzpatrick SPT I–VI) using the area-under-the-intensity curve (AUIC) over the 450–615 nm wavelength interval of
reflected light (AUIC). Photoprotected constitutive skin color sites produced higher AUIC values than photo-
exposed facultative skin color sites. Constitutive skin color at the upper volar arm was equal to the buttocks.
Within-site and between-site AUIC reproducibility of constitutive skin color at the upper volar arm was 3 and
5% coefficient of variation (CV), respectively, which was similar to seasonal variability (8% CV). AUIC values
decreased proportionately at both constitutive and facultative sites as a function of increasing SPT from I to VI
(r¼ 0.8). RS-measured constitutive skin color at the upper volar arm fit a quadratic equation (r2¼ 0.94) that
differentiated (Po0.05) between each of the six SPTs and agreed ±1 SPT category with clinician-assessed SPT.
Thus, RS assessment of constitutive skin color at the upper volar arm provides a quick, noninvasive, precise, and
accurate method to objectively determine SPT.
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INTRODUCTION
Historically, skin phototyping (SPT) has usually been deter-
mined subjectively, by trained investigators or clinicians using
sun burning and/or sun tanning responses (Shono et al., 1985).
UV-induced erythema responses (Harrison and Young, 2002),
race, ethnicity, and occasionally hair and eye color (Andreassi
et al., 1987) have also been incorporated into the assessment
of SPT. Fitzpatrick (Parrish et al., 1982; Fitzpatrick, 1988)
devised a subjective format for assessing skin-reactive skin
phototypes (SPT) in humans, using a six integer Roman
numeral scale I–VI, that has become the reference standard
used to assess an individual’s susceptibility to skin cancer and
sunscreen efficacy (Sundaram et al., 1990; Autier et al., 1998,
2001; Kawada, 2000). SPT I, occasionally referred to as
‘‘melanin-deprived’’, and characterized as ‘‘never tans and
always burns’’ in response to UV exposure (Fitzpatrick, 1988),
has the least amount of melanin pigment in the skin. This
phenotype is often associated with red hair, blue eyes, and
many childhood face freckles phenotype (Andreassi et al.,
1990). At the other end of the spectrum, SPT VI has dense skin
melanin pigmentation and is described as ‘‘always tans deeply
and never burns’’ in response to UV exposure. This phenotype
is associated with black hair, dark brown eyes and no
childhood facial freckles. Users of the phototyping method
have a tendency to combine all subjects of a similar ethnic
group into a particular sun reactive SPT (Chung et al., 1994;
Stanford et al., 1996; Park et al., 1998). This tendency creates
a potential bias in the subjective assessment of SPT, which
might limit the utility of traditional phototyping in clinical
studies or assessments. In addition, heterogeneity of various
skin, eye, and hair colors within ethnic groups makes
determination of SPT in multi-ethnic backgrounds difficult,
producing type II errors in assessment of susceptibility to skin
cancer (Rubegni et al., 1997; Lee and Kim, 1999; Chan et al.,
2005).
To avoid subjective bias in SPT assessment, investigators
have evaluated various objective in vitro and in vivo
measures of pigmentation. These methods include melanin
visualization with a Wood’s lamp (Gilchrest et al., 1977) and
quantification of cutaneous eumelanin and pheomelamin in
either intact skin (Alaluf et al., 2001) or reconstructed
epidermis containing melanocytes (De Leeuw et al.,
2001). However, none of these methods have successfully
differentiated between SPT II and III, or the more densely
pigmented skin types V and VI (Sanchez et al., 1981). Further,
these methods are invasive, analytically challenging, and/or
not generally feasible for large population studies or the
typical clinical setting.
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Noninvasive instrumentation, including fluorescence
video (Hermanns et al., 2000), reflective colorimetry
(Commission Internationale de l’Eclairage; www.cie.co.at/
cie/; Andreassi et al., 1990; Chardon et al., 1991; Rubegni
et al., 1997; Lee and Kim, 1999; Poon et al., 2003), and
diffuse reflectance spectrophotometry (Kollias et al., 1994),
have been evaluated for SPT assessment in conjunction with
evaluation of a minimal erythema dose. While the above
methods can differentiate between the SPTs using facultative
skin color (defined as the skin color in body areas where
light-induced changes in pigmentation occur), no current
method can differentiate between all of the six SPTs using
only constitutive skin color (defined as the baseline skin color
in body areas not exposed to light and thus having unaltered
baseline pigmentation).
Photo-protected skin sites, such as buttocks and back,
have been used to establish constitutive skin color, but may
experience variable seasonal sun exposure and are not easily
accessible for large clinical studies. The objective of this
study was to evaluate various photoprotected anatomical
regions for optimum representation of constitutive skin color,
and develop a rapid, objective method that statistically
differentiates between all six SPTs.
RESULTS
Reflectance spectrophotometer spectra differentiates between
constitutive versus facultative skin color
Using a reflectance spectrophotometer (RS), three photo-
protected anatomical sites (buttocks, mid-back, and upper
volar arm) were evaluated for constitutive skin color, and four
photo-exposed anatomical sites (palm, forehead, posterior
calf, and dorsal forearm) were evaluated for facultative skin
color, in 64 subjects (Table 1, group III). Area-under-the-
intensity curve (AUIC) values of constitutive skin color from
the upper volar arm (192±30, mean±SD) were similar to
those from the buttocks (189±27) (Figure 1), but both were
greater (Po0.005) than those from the mid-back (180±39).
Thus, not all photoprotected skin sites represent constitutive
skin color equally. AUIC values from four photo-exposed
sites were less than (more skin color) those values from all
photoprotected body sites (Po0.005). Facultative skin color
also varied as a function of photo-exposed skin site; AUIC
values at the posterior calf (167±32) were greater than those
of the palm (148±22), forehead (144±26), and dorsal
forearm (134±34) (Po0.001). The dorsal arm demonstrated
the least AUIC values and therefore greatest facultative skin
color among the photo-exposed sites evaluated. Thus, the RS
method differentiated between constitutive and facultative
skin color and was sensitive to body sites for both skin color
assessments.
Facultative skin color is more susceptible to seasonal variation
than constitutive skin color
Skin color is known to change with seasonal UV light
exposure. Figure 2 shows that RS AUIC values for facultative
skin color (solid bars) obtained from the dorsal forearm vary
as a function of time of the year (18% coefficient of variation
(CV)), with highest AUIC values (low skin color) obtained in
the winter months associated during low UV exposure and
lowest AUIC values (high skin color) obtained in the summer
months during highest UV exposure. In contrast, AUIC
variability in constitutive skin color (striped bar) at the upper
volar arm was 8% CV independent of season. The twofold
higher seasonal variability of facultative skin color compared
with constitutive skin color lessened enthusiasm for its year-
round use in developing an objective SPT method, and hence
attention was focused on using only constitutive skin color.
Ideally, the body site used to assess constitutive skin color
should be easily accessible with low within-site and
between-site variability to insure reproducible SPT assess-
ment. Within-site variability of five independent RS measure-
ments of the upper volar arm (195±6, mean±SD)
demonstrated a 3% CV (data not shown), and between-site
Table 1. SPTs of study subjects
Clinician-SPT1 Group I2 Group II3 Group III4 Total
I 9 11 13 33
II 21 56 28 105
III 25 75 20 120
IV 25 47 3 75
V 5 10 0 15
VI 5 0 0 5
Total 90 199 64 353
SPT, skin phototype.
1Skin phototype (Parrish et al., 1982).
2Number of healthy subjects used to correlate clinician-SPTs I–VI and the
RS-SPTs 1–6.
3Additional healthy subjects evaluated in a skin cancer-screening event in
a single study group.
4Subjects from the Tom C. Mathews, Jr Familial Melanoma Research
Clinic, Huntsman Cancer Institute, University of Utah, Salt Lake City, UT.
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Figure 1. Constitutive and facultative skin color differ as a function of body
site.Meanþ SD AUIC values of constitutive skin color at photoprotected sites
(upper volar arm, buttocks, and mid-back) and facultative skin color at photo-
exposed sites (posterior calf, palm, forehead, and dorsal forearm back); n¼ 64
subjects. *Po0.005 obtained from both upper volar arm and buttocks,
#Po0.005 from mid-back, @Po0.001 from posterior calf, and !Po0.05 from
forehead by Protected Least Significant Difference analysis of variance.
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variability (185±9, mean±SD, n¼7 sites) of constitutive
skin color at this site was 5% CV (data not shown). Both
within-site and between-site reproducibility of the upper
volar arm were less than the 10% CV specifications suggested
by the manufacturer for instrument quality assurance
(http://www.oceanoptics.com), and hence, this body site
was chosen to assess constitutive skin color throughout the
remaining studies.
Facultative skin color is proportional to constitutive skin color
Differences between constitutive and facultative skin color
spectra could influence SPT determination. Further, seasonal
differences in UV exposure to both sites could modify SPT.
Thus, both constitutive (upper volar arm) and facultative skin
color (dorsal arm) were assessed in 46 healthy subjects
(Table 1, group I) from six ethnic groups (White, East Asian,
East Indian, Middle Eastern, Hispanic, and Black). In
addition, five vitiligo patients were evaluated as amelanotic
controls. All RS measurements were performed in the month
of January to minimize seasonal UV-induced changes in skin
color. Depigmented vitiliginous areas (þ ) in photo-exposed
and photo-unexposed body sites had similar and maximal
AUIC values, B250 (Figure 3). Thus, constitutive and
facultative skin color in the amelanotic control subject were
similar. In contrast, increasing constitutive skin AUIC values
in SPT I through VI are associated with a proportional
increase in AUIC values of facultative skin (r¼ 0.80). Thus,
facultative skin color is a function of constitutive skin color
and is associated with ethnicity and SPT.
RS methodology discriminates between six SPTs
The ability of RS to discriminate between six SPT categories
using only constitutive skin color was evaluated at the upper
volar arm in 353 subjects (Table 1, group I, n¼ 90; group II,
n¼199; group III, n¼ 64). Figure 4 shows the mean±90%
confidence interval of the best-fitted AUIC values associated
with RS-assessed SPT 1–6. The data fit a quadratic equation
(r2¼0.94) (Equation 1) and differentiate (Po0.05) between
each SPT by the mean and 90% confidence interval of AUIC
values.
RS-fitted SPT ¼ 7:44 e 11  AUIC2  1:44  AUICþ 7:72 ð1Þ
AUIC values of constitutive skin color associated with RS-
fitted SPT 1–6 in healthy subjects (Table 1, groups I and II,
n¼289) did not differ (Po0.05) from those AUIC values in
subjects from the high-risk population with a familial history
melanoma (group III, n¼ 64) (Po0.05, data not shown).
Clinician and RS-assessed SPT generally agree
Reflectance spectrophotometer and clinician SPT methods
agree within±1 SPT category in greater than 80% of subjects
in each of the SPT categories (Tables 2 and 3). Agreement
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Figure 2. Facultative skin color is more susceptible to seasonal variation
than constitutive skin color. Data presented as AUIC from a 42-year-old
SPT II male monthly over a 2-year period. Open bars represent constitutive
skin color from the upper volar arm, while filled bars represent facultative
skin color from the dorsal arm.
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Figure 3. Facultative skin color is proportional to constitutive skin color
as a function of ethnicity and SPT. A minimum of five subjects in each
clinician-SPTs I–VI were evaluated for constitutive and facultative skin color
by RS. A total of 51 subjects from group I composed of seven different ethnic
groups and five clinically diagnosed vitiligo patients (negative amelanotic
skin color control) were evaluated. þ , Involving vitiligo; open circle, SPT I
(White); filled circle, SPT II (White); open square, SPT III (White); filled
square, SPT IV (East Asian); open triangle, SPT V (East Indian, Middle Eastern);
filled triangle, SPT V (Hispanic); x, SPT VI (Black).
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Figure 4. RS AUIC values from the upper volar arm differentiates between
the six SPTs. Data presented as best-fit (r2¼0.94) of the mean reflected AUIC
spectra of constitutive skin color measured at the upper volar arm (filled
circles) for each mathematically fitted RS-SPT 1–6 with ±90% confidence
interval (lines) using MatLab software, n¼ 353 subjects (Table 1, groups I–III).
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between clinician-SPT and RS-SPT category increased as a
function of increasing clinician-SPT I–VI. Exact SPT category
agreement between the two methods (for example, RS-SPT 1
and clinician-SPT I) was lowest in clinician-SPTs I and V (25
and 31% of subjects, respectively), moderate in SPTs II–IV
(42, 52, and 50% of subjects, respectively), and highest in
SPT VI (100% subjects). Agreement between the two methods
improved in all the SPT categories when ±1 SPT category
agreement was considered (60, 93, 95, 100, 81, and 100% of
subjects, respectively). Overall, the clinician-based photo-
typing method tended to underestimate SPT 1 compared with
RS-SPT I, and overestimate SPT V compared with RS-SPT 5.
Phenotypic descriptions associated with SPT differ between
clinician versus RS methods
To assess whether discrepancies in SPT agreement between
clinician and RS methods may be related to a bias of
phenotypic parameters commonly associated with clinician-
determined SPT, including hair and eye color, childhood
facial freckling, and constitutive skin color, phenotypic
analyses were performed. Clinician-determined SPT I indivi-
duals are typically associated with little constitutive skin
color, have red or blond hair, blue eyes, and many childhood
face freckles. In contrast, a clinician-determined SPT III
individual typically has fair to light brown constitutive skin
color, no childhood face freckling, hazel or light brown eyes,
and brown hair. Phenotypic parameters associated with
clinician-determined SPTs I–III, as well as RS-SPTs I–III, in
this study (n¼125 from groups I and III in Table 1) are
heterogeneous. The percentage of individuals having ‘‘very
fair’’ constitutive skin color is highest in both clinician-SPT I
(50%) and RS-SPT 1 (50%) categories. In addition, blue eyes
are more highly associated to clinician-SPT I (71%) and RS-
SPT 1 (60%) than clinician-SPT 2 (47%) and RS-SPT II (59%),
or clinician-SPT III (22%) and RS-SPT 3 (0%). Hair color is
more heterogeneous in each SPT. Clinician-SPT I is more
highly associated with natural blond and red hair color (42
and 33%, respectively), but equally represented by blond,
light brown, and dark brown hair by RS-SPT 1 (29, 29, and
29%, respectively). Red-haired individuals were determined
as SPT 3 by the RS method, but SPT I by the clinician method.
The number of childhood face freckling by clinician-SPT II
and RS-SPT 2, as well as clinician-SPT III and RS-SPT 3, is
consistently low, ranging from ‘‘some’’ to ‘‘few-to-none’’.
The number of childhood face freckles in clinician-SPT I and
RS-SPT 1 is dichotomous, reported as either ‘‘few’’ (42%) or
‘‘many’’ (42%), or ‘‘very few’’ (57%) or ‘‘many’’ (29%),
respectively. Thus, the phenotypic description of a particular
SPT is heterogeneous in both SPT methods, but red hair and
Table 2. SPT agreement using RS versus clinician-
based methods of RS-SPT1
Clinician-SPT2 Total3 1 %4 2 % 3 % 4 % 5 % 6 %
I 20 5 25 7 35 7 35 1 5 0 0 0 0
II 53 9 17 22 42 18 34 4 8 0 0 0 0
III 21 1 5 7 33 11 52 2 10 0 0 0 0
IV 10 0 0 0 0 5 50 5 50 0 0 0 0
V 16 0 0 0 0 3 19 8 50 5 31 0 0
VI 5 0 0 0 0 0 0 0 0 0 0 5 100
Total 125 15 36 44 20 5 5
RS-SPT, reflectance spectrophotometer-skin phototype; SPT, human skin
phototype.
1SPT determined by RS from Equation 2, using the AUIC value of
constitutive skin color at the upper volar arm site; n=125 subjects.
2SPT determined by a clinician assessment using criteria described by
Parrish et al. (1982); n=125 subjects.
3Total number of subjects in each of the six clinician-assessed SPT
categories.
4Percentage of total clinician-SPT subjects in an RS-SPT category.
Table 3. Phenotype descriptives associated with SPT
RS Clinician
SPT1 1 2 3 I II III
Hair color2 Bl/Br/DBr
29%/29%/29%3
Bl/LBr
42%/42%
DBr/R/MBr
33%/24%/19%
R/Bl
42%/33%
Bl/LBr/DBr
37%/27%/13%
DBr/MBr
43%/36%
Eye color4 B 71% B/Hz
47%/21%
Hz/B
48%/22%
B/Hz
60%/40%
B/Hz
59%/25%
Hz/Gr
55%/27%
No. of childhood freckles5 VF/many
57%/29%
Some-none
68%
Few-none
82%
Few/many
42%/42%
Few-none
73%
VF-none
79%
Constitutive skin color6 VF/fair
50%/33%
Fair
85%
Fair
92%
VF/fair
50%/50%
Fair
90%
Fair/LBr
56%/22%
RS, reflectance spectrophotometer; SPT, human skin phototype.
1SPT, skin phototype using reflectance spectrophotometry (RSs 1–3) and clinician methods (clinicians I–III).
2Hair color: Bl, blond; LBr, light brown; MBr, medium brown; DBr, dark brown; R, red.
3% represents percent of responses associated with the method-assessed SPT.
4Eye color: B, blue; Hz, hazel; Gr, green.
5Number of childhood facial freckles: VF, very few; LBr, light brown.
6Constitutive skin color (upper volar arm): VF, very fair; LBr, light brown.
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blue eye color influence clinician assessment of SPT I more
than that of RS-SPT-1 with the instrument.
DISCUSSION
Historically, subjective, descriptive parameters, including sun
burning/tanning responses and in some cases, skin color and
hair and eye color, have been used to assess SPT. To date, an
objective method that could differentiate between six SPTs
using only constitutive skin color is unavailable. This current
study evaluated the validity of a portable RS for SPT
assessment, using single-site measurements of the upper
volar arm. The instrument measurements are rapid, requiring
only 10milliseconds for each reading, and provide immedi-
ate and reliable SPT assessment.
As expected, RS detected differences between constitutive
and facultative skin color. Constitutive skin color at photo-
protected sites (upper volar arm, buttocks, and mid-back)
produced higher reflected light spectra (less skin color) than
facultative skin sites (posterior calf, palm, forehead, and
dorsal arm). The high variability in both constitutive and
facultative skin color as a function of body region has not
been reported previously. The photoprotected buttocks are
often used to assess constitutive skin color and SPT
assessment. The similarity of AUIC values at the upper volar
arm and buttocks, in this study, along with low seasonal
variability, easy accessibility, and discrimination between all
six SPTs, supports the appropriateness of the upper volar arm
for SPT assessment. The higher and more differentiating AUIC
values of the upper volar arm than those of the mid-back
suggest that the upper volar arm might be more reliable than
the mid- and/or lower back often used for sun protection
factor assessment of skin care products.
The low AUIC values of the palm compared with those of
other photoprotected skin sites or the posterior calf were
surprising, as the palm contains minimal melanin pigment.
However, the palmar stratum corneum is thicker than the
other body sites and may influence the depth of light
penetration from the RS (Hata et al., 2000). Further, other
pigments including carotenoids (450–470 nm) (Hata et al.,
2000) and oxyhemoglobin (560 nm) (Ou-Yang et al., 2004),
in addition to pheomelanin and eumelanin (600–750 nm)
(Sarna and Sealy, 1984; Sarna et al., 1984; Vincensi et al.,
1998), absorb light in the 450–615nm wavelength interval.
Both increased stratum corneum thickness and the presence
of additional chromophores may influence the lower palm
AUIC values measured by RS.
The proportionality (r¼ 0.8) between constitutive and
facultative skin color among ethnic groups of increasing skin
pigment (SPT I–VI) is consistent with previously noted
changes in pheomelanin/eumelanin production ratios among
SPTs (Vincensi et al., 1998), and refutes previous claims
that constitutive skin color is unreliable for SPT assessment
(Lock-Andersen et al., 1998).
Overall, the RS and clinician methods agree within 1 SPT
category in greater than 75% of subjects in each SPT.
Discrepancy between clinician-SPT I versus RS-SPT 1
assessment suggests a clinician bias toward assigning SPT I
to individuals with red and blond hair, and a bias against
assigning SPT I to individuals with brown hair, despite the
latter individual’s claim to fair, tan-resistant, and easily-burnt
skin. By the RS method, the heterogeneity of SPT among
subjects with red or blond hair, however, agrees with a
previous investigation in red-haired individuals (Vincensi
et al., 1998). Lack of complete agreement between clinician
and RS methods for all SPT assessment likely reflects either
the lack of discriminating power between clinician-assessed
constitutive versus facultative skin color in different seasons,
and/or sun tanning/burning responses, and/or clinician bias
against assigning lower SPT categories to individuals with
brown hair, despite a fair constitutive skin color resistance to
tanning and easily burned.
Interference from high hair density (Van der Mei et al.,
2002) and artificial tanning at the measurement site might
limit SPT determination with the RS method. Collection of
reflectance spectra from the upper volar arm located 5 cm
below the axilla in this study minimized the interference of
hair density in that body region. The influence of artificial
tanning on SPT assessment with the RS method however, is
unknown and requires further investigation. Previous objec-
tive instrumental methods have established SPTs using the
erythema and/or melanogenesis response to a controlled UV
dose (Andreassi et al., 1990; Chardon et al., 1991; Kollias
et al., 1994; Rubegni et al., 1997; Lee and Kim, 1999).
Inducing an erythema or melanogenesis response was
beyond the scope of this study, although the RS-reflected
spectrum was sensitive to changes in skin erythema and
pigmentation (data not shown). Future examination of the
change in AUIC value before and after UV exposure, as a
function of constitutive skin color, will further optimize this
methodology for SPT assessment.
The RS assessment of the upper volar arm provides a rapid,
noninvasive and reliable method to objectively determine six
different SPTs using only constitutive skin color at the upper
volar arm. The current instrument SPT method is independent
of UV-induced erythema or melanogenesis response, hair
color, eye color, or ethnicity. This objective tool might be
ultimately useful in assessing sun protection factor in skin
care products, and in establishing a correlation between RS-
SPT and skin cancer risk.
MATERIALS AND METHODS
Human subjects
Three hundred fifty-three male or female subjects, age 18–72 years,
were evaluated for SPT. The Declaration of Helsinki Principles was
followed and subjects provided written, informed consent to
approved Institutional Review Board protocols (no. 7,916 and
11,446). Human subjects were evaluated in three separate study
groups: 90 healthy subjects (group I) from clinician-assessed SPT I–VI
were evaluated in January over a 2-year period by the same
clinician, 199 subjects (group II) were evaluated by a trained
investigator on a single day in May, and 64 additional subjects from
the Tom C Mathews, Jr Familial Melanoma Research Clinic,
Huntsman Cancer Institute, University of Utah (group III) were
evaluated periodically over a 2-year period by the same clinician as
in group I. No remuneration was provided to the study subjects.
Clinician-assessed SPTs of the evaluated subjects in each study
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group are shown in Table 1. Clinician-assessed SPT was determined
according to the protocol described previously (Parrish et al., 1982),
in a room withB35% relative humidity having fluorescent lighting,
with no interfering outdoor sunlight, 20–30minutes after enrollment
and represented by Roman numerals I–VI.
RS theory, operation and quality assurance
This study used a portable RS (model S2000; Ocean Optics Inc.,
Dunedine, FL) connected to a laptop computer to measure the
intensity of reflected spectra from the skin surface and assess SPT.
The RS uses a tungsten light source with six illumination fibers to
illuminate the desired skin site. The intensity of the light reflected
back from the skin surface is transmitted via a small hand-held probe
containing a single optical fiber connected to a spectrometer, where
light emerging from the optical fiber is collimated by a mirror,
diffracted by a plane grating (600 lines blazed at 500 nm and
bandwidth 350–1,000 nm) and focused by another mirror. The image
of the reflected spectrum is then projected onto a 2,048-element
linear silicon charge coupled device (CCD) array with focal length of
42mm input and 68mm output, and the reflected spectral data are
transferred to a computer through an onboard A/D converter. For
additional operating principles, see http://www.oceanoptics.com/
technical/operatingprinciples.asp. An example of reflectance spectra
from the 350–1,000nm wavelengths of constitutive skin color
collected from the upper volar arm (dashed line) and facultative
skin color collected from the dorsal forearm (solid line) of a 42-year-
old SPT II male is shown in Figure 5. Constitutive skin color (less
photo-exposed and less skin pigment) reflects more light and
therefore has higher reflected intensity than facultative skin color
(more photo-exposed and higher skin pigment). The reflectance
intensity in the 450–615nm wavelength interval was determined to
provide the best differentiation between constitutive skin color
(dashed line) and facultative skin color (solid line), and thus was
used throughout the study for all subsequent comparisons.
Data are presented as the area-under-the intensity of reflected
light over the 450–615 nm wavelength-interval curve (AUIC) for ease
in direction comparison between skin sites. To calculate the AUIC
values, the collected spectral data over the 350–1000 nm wavelength
interval was digitized using 32 bit OOI v. 1.0.1.3 (Ocean Optics)
and imported into an Excel spreadsheet (Microsoft Office, Redmond,
WA). The spreadsheet was previously programmed with a Visual
Basic-created macro, which utilized digitized reflected spectra
values at 5-nm wavelength intervals from the 450–615 nm spectral
interval to calculate an AUIC value for 450–615 nm wavelength.
AUIC was calculated for each skin site by the trapezoidal rule
(Wagner, 1975) according to the equation (Equation 2)
X
0:5  ½ðnmxþn  nmnÞ  ðIn þ InþxÞ ð2Þ
where ‘‘n’’ is the initial wavelength and ‘‘x’’ is the next subsequent
5-nm interval wavelength. Spreadsheet calculations were validated
with dummy reflectance intensity spectra to ensure similar AUIC
data reduction in each spreadsheet generated. A new spreadsheet
was used for each subject evaluated. All AUIC values were divided
by 1,000 and rounded off for ease of presentation.
Instrument precision was validated to be optimally enhanced
when the probe was stably stationed perpendicular to the skin site
for B10 seconds in a darkened room that was temperature-
controlled to 23±21C with 25–30% relative humidity. All RS
measurements were performed by two investigators who had
previously been documented to produce similar AUIC values at a
given skin site (±3% CV), within-site (3% CV) and between-site (7%
CV) variability (data not shown). No discomfort was associated with
instrument use by any study subject. Reflective-intensity spectra of
Spectralon diffuse reference color standards: red, green, yellow, and
blue, as well as neutral standards: 2, 20, 50, and 99%, white and
dark standards, were used as purchased (Labsphere ISO 9001-
certified reflectance standards, model CSS-08-020; Labsphere Inc.,
North Sutton, NH) for daily and temporal instrument quality
assurance. All reference standards were evaluated by the same
method used for human skin color evaluation using AUIC450615nm
on a daily basis, with re-evaluation of random standards every
2 hours during a study session to ensure optimal operation. Quality
assurance operating procedures required that the reflected intensities
for each standard be ±10% (manufacturer quality assurance
specifications) of previously determined mean intensities, before
evaluation in human subjects.
Reproducibility of reflectance spectrophotometry
measurements
Preliminary studies demonstrated that AUIC values of constitutive
skin color between subjects of SPTs I–III are more variable than the
more highly pigmented SPTs IV–VI individuals (data not shown).
Thus, a 42-year-old clinician-assessed SPT II male subject was
chosen to evaluate within-site, between-site, and seasonal reprodu-
cibility of the RS AUIC measurement. Within-site constitutive skin
color variability was measured at the upper volar arm using five
independent measurements over a 5-minute time interval on the
same day, by the same investigator. Between-site constitutive skin
color variability was measured on the same day by the same
investigator over a 10-minute time interval, using single measure-
ments of seven different 1-cm diameter circular skin sites spatially
separated 2.5-cm center-to-center apart on the volar forearm, within
an area 3 cm above wrist to 3 cm below antecubital fossa. Seasonal
variability in both constitutive and facultative skin color in the above
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Figure 5. Reflectance spectra (350–1,000 nm) profiles of constitutive skin
color are higher than those of facultative skin color. Data were collected
from a 42-year-old SPT II white male. Constitutive skin color or less pigment
(dashed line) was measured at the upper volar arm site, while facultative skin
color or more skin pigment (solid line) was measured on the dorsal forearm, as
described in Materials and Methods.
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individual was determined by a single measurement of the upper
volar arm and dorsal arm, respectively, by the same investigator, on
a monthly basis over 2 years. CV (%) was calculated by dividing SD
by the mean.
Constitutive versus facultative skin color at a function of SPT
and ethnicity
Forty-six healthy subjects (Table 1, group I), representing six different
ethnic groups (White, Asian, East Indian, Middle Eastern, Hispanic,
and Black), were clinician- and RS-assessed for SPT using constitutive
skin color (upper volar arm) and facultative skin color (dorsal
forearm) by the same investigator. A minimum of five subjects were
evaluated in each SPT category. Five additional clinician-diagnosed
vitiligo patients were evaluated at the vitiligo-involved skin sites and
served as an amelanotic negative skin color control.
RS-assessed skin phototype determination
AUIC values of constitutive skin color from the upper volar arm were
used to establish RS-assessed SPTs by clustering similar AUIC values
into six SPT categories until linear regression of the mean±SD, and
90% confidence interval of AUIC values for each of the six
categories were statistically different from each other (Po0.05).
The equation describing the six different RS-SPT categories versus
AUIC value of constitutive skin color was best-fit to the data and
statistically evaluated (Po0.05) using MatLab (Mathworks, Natick,
MA). RS-assessed SPT are represented by Arabic numerals 1–6 in
order to easily discriminate the instrument method from clinician-
assessed SPTs using Roman numerals I–VI.
Phenotypic criteria associated with SPTs
The greatest discrepancies between clinician- and RS-assessed SPT
occurred in SPTs I–III. To evaluate the potential of constitutive skin
color, hair color, eye color, and number of facial freckles in SPT
assessment bias, 125 subjects were requested to complete an
Institutional Review Board-approved questionnaire containing phe-
notypic descriptions of constitutive skin color (very fair, fair, light
brown, medium brown, dark brown, black), natural hair color
(blond, red, reddish brown, light brown, medium brown, dark
brown, black), natural eye color (blue, green, gray, hazel, light
brown, dark brown, black, other), and number of childhood facial
freckles (none, some, few, many, very many). Data represent a
minimum of 70% of subjects evaluated in all response categories of
RS-SPTs 1–3 and clinician-SPTs I–III.
Statistical analysis
Significant differences in AUIC values (Po0.05) were evaluated by
analysis of variance (Fisher’s Protected Least Significant Difference
test) using Statview vers 4.1 (Abacus Concepts, Calabassas, CA).
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